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SUMMARY

The measurement of the fluctuations of flow parameters in the test

I section of various wind tunnels of the von Kazman Gas Dynamics Facility
has been undertaken. The present report outlines procedures and tech-
niques used in the initial stud ies of the supersonic Tunnels A and D,
during 1977.

Hot—wire anemometry techniques were used to measure fluctuations
in the free—stream and boundary layer flow fields. Dynamic—pressure

I transducers were used for the measuremen ts at the tunnel walls and at
1 the surface of a representative (flat plate) model mounted in the test

section. Sample qualitative results are presented.
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I NOMENCLATURE ~~R

I 
M Mach number

p Pressure, psia

I p0 Free—stream pitot pressure, psia

q Dynamic pressure) psia

I R0, Reynolds number , p0.U,/~~ , ft
’
~

I T Temperature,

I 
U Velocity, f t/sec

v Anemometer ac response voltage, rins volts

I Dynamic viscosity, based on T0., lb f—sec/ft
2

p Density , lb / ft 3

Subscr ipts
‘I

I. Local condition in nozzle flow

o Tunnel stilling chamber condition

p Pitot pressure probe

w Wall condition
£

• Free—stream condition

I
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1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering p
Development Center (AEDC) , Air Force Systems Command (AFSC) , under
Program Element 65807S, Control Number 9R02— 13— 8 , at the request of
Directorate of Test Engineering , Resear ch Div ision (DOTR) , AEDC.
The DOTR project monitor was A. F. Money and the operating contractor
project monitor was W. 1. Strike. The results were obtained by ARO ,
Inc., AEDC Division (a Sverdrup Corporation Company), operating con—
tractor for the AEDC , AFSC, Arnold Air Force Station , Tennessee. The

j test was conducted in the von Karmai~ Gas Dynamics Facility (VKF), during
the period of July 15 and 19 and August 18—23 , 1977 , under ARO Project
No. V41A-P2A.

The objective of the testing was to acquire detailed measurements
of flow fluctuation parameters associated with supersonic flow in two
tunnels of the von )(az-wan Gas Dynamics Facility , Tunnels A and D.

Hot—w ire anemometry techniques were applied to determine the level
of fluctuations in the flow and dynamic-pressure sensors were used to
measure pressure fluctuations at the surface of a flat p late mounted
in the tunne l test section . Pressure fluctuations at the wall in the
stilling chamber , the nozzle , and the test section were measured . In
the Tunnel fl study, measurements were also made in the nozzle boundary
layer flow field at a station where the tunne l sidewall boundary layer
could be maintained with a laminar profil e . At this station hot—wire
anemometer and pitot pressure profiles were obtained with and without
roughness elements attached to the wall. This report describes the flat
plate model , survey mechanisms , instrumentation , and test procedures used.

A copy of the final data from this test is on file at AEDC. Requests
for copies should he addressed to AEDC/DOTR, Arnold A IS , TN 37389.

2.0 APPARATUS
2.1 WIND TUNNELS

Tunnel A (Ftg. 1) is a continuous , closed—circuit , variable density
wind tunne l with an automatically driven flexible—plate—type nozzle and

• a 40— by 40—In, test section. The tunnel can be operated at Mach numbers
from 1.5 to 6.0 at maximum stagnation pressures from 2’) to 200 psth,

• respectively, and stagnation temperatures up to 750°R depending upon
Mach number and pressure l ev e l .  Minimum operating pressures range from
about one—tenth to one—twentieth of the maximum at each Mach number. The

L. tunnel is equipped with a model injection system which allows removal of
the model from the test section while the tunnel remains in operation .

Tunnel D (Fig. 2) is an intermittent , variable density wind tunnel
• with a manually adjusted , flexible plate—type nozzle and a 12— by 12—in.

test section. The tunnel can he operated at Mach numbers from 1.5 to 5.0
at stagnation pressures from about 4 to 60 path and at stagnation temper—
atures up to about 80’?.

I
1
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I
2.2 MODEL

I The flat-plate model used for the testing in both tunnels , A and D ,
was designed and fabricated by the VKF (Fig. 3). The model has a length

I of 10 in. and a span of 8 in. and is instrumented with two surface pres-
sure orifices (0.047 in. diam). The leading edge radius is 0.0005 in.

I 
The model was designed to accommodate various dynamic pressure sensors

mounted in interchangeable inserts centered in the flat—plate planform.
Space was provided within the model to house the connectors and signal
pre—amplifiers associated with the sensors. Adapters were fabricated for
mounting three Bruel and Kjaer (B & K) condenser—type microphones or two

1 PCB Piezotronics piezoelectric transducers. In each case , sensors of
different diaphragm areas were used and arranged side—by—side across
the plate with each area centered at 5.0 in. from the plate leading edge.
The sensor diaphragms , the adapters , and the inserts were fitted flush
with the plate surface.

2.3 INSTRUMENTATION AND PRECISION

1 2.3.1 Tunnel A Measurements

Tunnel A stilling chamber pressure is measured with a 15— , 60— ,
150—, or a 300—psid transducer referenced to a near vacuum. Based on

4 periodic comparisons with secondary standards , the accuracy (a band-
width which includes 95 percent of the residuals) of these measurements
is estimated to be within ±0.2 percent of reading or ±0.015 psia , which-
ever is greater. Stilling chamber temperature is measured with a copper—
constantan thermocouple with an accuracy of ±3°F based on repeat cali-
brations.

The Tunnel A pressure system uses 15—psid transducers referenced to
a vacuum or a variable reference pressure , and having full—scale cali—

• brated ranges of 1 , 5, and 15 psia. Based on periodic comparisons with
secondary standard s, the accuracy is estimated to be ±0.2 percent of
reading or ±0.003 psia, whichever is greater.

2.3.2 Tunnel D Measurements

The tunnel stilling chamber pressure measurements were made using a

1 20— or 60—psid transducer referenced to a near—vacuum , the accuracy of
the measurements is estimated to be ±0.2 percent of the reading or ±0.015
psi, whichever is greater . Tunnel total temperature was measured using aI copper—constantan thermocouple with an electronic 32 deg F reference.
Accuracy of this measurement is within ±2 deg F.

The model sur fac e, tunnel wall , and pitot probe pressures were
J measured using 15 psid transducers. The accuracy of the transducers

and associated data system is estimated to be: ±0.3 percent of reading
or ±0.004 psi , whichever is greater , for pressures less than 1.5 psi;

1 ±0.2 percent of reading or ±0.008 psi , whichever is greater , for pres—
sureR in the range 1.5 psi to 8 psi; and ±0.08 percent of reading for
pressures in the range 8 psi to full scale. The near—vacuum reference

I pressure for the transducers was measured using a Hastings absolute pres-
sure transducer.

I 5



I
I 2 .3.3 Anemometer Instrumentat ion

The constant—current hot—wire anemometer instrumentation with aux-
iliary electronic equipment was furnished out of inventory by the VKF.

I The anemometer current control (Philco—Ford Model ADP—13) which supplies
the heating current to the sensor is capable of maintaining the current
at any one of 15 preset levels, individually selected using pushbutton

I switches. The anemometer amplifier (Philco—Ford Model ADP—12), wh ich
amplifies the wire—response signal , contains the circuits required to
electronically compensate the signal for thermal lag caused by the finite
heat capacity of the wire. The sensor heating current and mean voltage

I were fed to autoranging digital voltmeters for a visual display of these
parameters and to the VKF Bell and Howell Model VR 3700 B magnetic tape
machine for recording. The sensor response a—c voltage was fed to an

I oscilloscope for visual display of the raw signal and to a wave analyzer
(Hewlett—Packard Model 8553B/8552B) for visual display of the spectra of
the fluctuating signal and was recorded on magnetic tape for subsequent
detailed analysis.

2.3.4 Dynamic Pressure Sensors

The dynamic pressure measurements at the surface of the flat plate
were made using three B & K condenser—type microphones of 0.5— , 0.25— ,
and 0.125—in , diameter. A measurement of free—stream pitot—pressure
fluctuations was made using a PCB Piezotronics miniature piezoelectric
transducer. Wall pressure fluctuation measurements were made with
Kulite piezoresistive dynamic pressure transducers mounted flush with
the stilling chamber wall , the nozzle sidewall , and the test section wall.

2.4 SUPPORT SYSTEMS AND SURVEY MECHANISMS

For Tunnel A testing the flat—p late model and model boundary layer
survey probe rake were mounted using the VKF three—degrees—of—freedom
dual—sting support system. The rake could be remotely driven within an
envelope in the vertical plane defined by a longitudina l travel of 18 in.
and a vertical travel of 14 in. The model and rake assembly could be
pitched remotely (as a unit) to angles of attack within the range of ±15
deg. For the present , testing measurements were made only for zero angle
of attack , and use of the survey mechanism was generally restricted to

• positioning the probes for measurements outside of the model boundary
layer. The probes were positioL.~’d in the model wake for protection when

— 
• not in use.

For Tunnel D testing , the flat—plate model was mounted on the tunnel
horizontal sector. Surveys of the model boundary layer were not included ,

1 but measurements were made in the tunnel wall boundary layer.

1
1
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I

The Tunnel D sidewall boundary layer survey mechanism (Fig. 4),
which was manual ly  dr iven , was designed to traverse a flow field of
four—inch depth , using a linear potentiometer to indicate the distance
traveled . A hot—wire anemometer probe and a pitot pressure probe were
mounted side by side and the wire and the orifice were aligned to survey
at the same tunnel axial station and directly above a dynamic pressure
transducer flush—mounted in the tunnel wall (Fig. 4).

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS

A summary of the principal nominal test conditions in each tunnel
is given below

—6
p0, psia T0, °R c~~, psia p

~
, psia Re~/ft x 10

I
4 20 640 1.5 0.13 1.4

30 2.2 0.19 2.1
40 2.9 0.26 2.8
50 3.6 0.32 3.5
60 4.4 0.38 4.2

Tunnel D

4 4 530 0.30 0.026 0.38
$ 5 t 0.39 0.033 0.47

A test summary is presented in Tables I and 2.

3.2 TEST PROCEDURE

3.2.1 General

In the VKF Tunnel A , the model is mounted on a sting support mechanism
in an installation tank directly underneath the tunnel test section . The
tank is separated from the tunnel by a pair of fairing doors and a safety
door. When closed , the fairing doors , except for a slot for the pitch
sector , cover the opening to the tank and the safety door seals the tunnel
from the tank area. After the model is prepared for a data run , the per-
sonnel access door to the installation tank is closed , the tank is vented
to the tunnel flow , the safety and fairing doors are opened , and the model
is injected into the airstream . After the data recording is completed ,
the model is re t rac ted  in to  the tank and the sequence is reversed with the
tank being vented to atmosphere to allow access to the model in preparation

4 for the next run.

7
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• 1
3.2.2 Tunnel A Testing

Pressure fluctuations at the surface of the flat plate model were
measured in the Tunnel A test section using condenser—type microphones
(Table 1). Supplementary measurements we~~ made of wall pressure fluctu-
ations in the stilling chamber , nozzle , and test section. Pitot pres-
sure fluctuations in the tunnel test section were also measured using a
miniature piezoelectric transducer. This portion of the testing was
accomplished without significant difficulty . These data are presented
in tabular form in this report.

Hop—wire anemometer measurements were made in the free—stream , in
the shock layer above the model , and at the outer—edge of the boundary
layer on the model at the axial station of the dynamic pressure sensors
(Table 1). It was anticipated that the Tunnel A flow environment would
be hostile for the hot—wire sensors; and 16 probes were used during the
en try,  only four of which yielded useful data. Probe failures were
attributed generally to the following causes: improper support of the
probe during periods of high loads which led to probe body breakage ,
inadequate bonding of the hot—wire sensor to its supports which resulted
in wire failure under aerodynamic loading , and condensation of water
droplets on the probes , especially at the lower Tunnel A supply pressures ,
which caused wire breakage under the mechanical loads . Hot—wire ane-
mometer data acquisition procedures are discussed below (Section 3.2.4).

• 3.2.3 Tunnel D Testing

Pressure fluctuations at the surface of the flat plate model were
• measured using condenser—type microphones and piezoelectric transducers

(Table 2). Supplementary measurements of wall pressure fluctuations in
the stilling chamber , nozzle , and test sections of the tunnel were also
made. In addition free—stream (test section) fluctuations of p itot pres-
sure were measured using a piezoelectric transducer.

The nozzle sidewall boundary layer was surveyed at a station 24 in.
downstream of the Mach 4 contour throat (that Is 31 in. upstream of the
center of the tunne l test section). Pitot pressure and qualitative hot—
wire anemometer profiles were obtained at supp ly pressures of p0 4 and
5 psia with smooth nozzle walls. Profiles were also obtained with p0
5 psia for cases with the boundary layer disturbed by addition of spherical
trip elements to the wall upstream of the survey station and alternately
by application of trip elements to the opposite sidewall. The spherical
trips were arranged in three vertical rows of five—to—seven elements each
and the array was centered approximately 17 in. upstream of the boundary
layer survey station. Spheres of 0.093 in. diam were used on the adjacent
wall and 0.093- and 0.13—in . diam elements were used on the wall opposite
to that of the surveys. Only one trip size on a single wall was used in
any case (Table 2).

During the surveys wall pressure fluctuations were measured at the
survey s tat ion using a p iezoelect r ic  t ransducer . In each profile certain
stations (heights above the surface) were selected for quantitative hot—
wire anemometer measurements.

1
8
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I
I 3.2.4 Hot—Wire Anemometer Quantitative Data Acquisition

Prior to hot—wire measurements the range of acceptable wire heat-
ing currents (wire sensitivities) was defined and the necessary adjust—

I ments were made in the instrumentation . The thermal—lag time constant
for the wire was determined in the free—stream flow using the square
wave technique. This time constant was used for all measurements with

I the wire . The time—constant variation with wire heating current and
Reynolds number across the wall boundary layer in the Tunnel D test will
be accounted for  in the subsequent data analysis.

I Fldw fluctuation measurements were made at various selected positions
along each of the several boundary lave: p r o f i l e s  in Tunnel U. At each
position the analog response signals were recorded on magnetic tape for

I 15 wire sensitivities , including one for which the heating current was set
at a low level r~ determine the electronic noise of the system . Each re-
cording was of five—second duration and included , in addition , the analog

I response of the dynamic pressure sensor a t  the wall. Similar procedures
were followed for free—stream measurements in both tunnels.

I 
The magnetic tape recordings of the hot—wire anemometer response

were val idated on—l ine , and the  p lo t t ed  resul ts  were used to a sses the
quality of the signal at the various wire sensitivities . The recordings
were subsequently replayed to ob ta in  the average tins value of the hot—

I wire voltage fluctuations for broadband signal analysis and the power
I density spectra of the si gnals  for  ex aminat ion of response c o n t e n t .

3.3 DATA UNCERTA I NTY

- 
An evaluation of the in f luence  of random measurement errors  is

presented in this section to provide a partial measure of the uncertaint y
of the final test results presented in this report. Althou gh evaluation
of the sys temat ic  measurement e r ror  (b ias)  is not included , i t  should be
noted that  the i n s t r u m e n t a t i o n  accuracy values (g iven  in Sect ion  2 . 3 )
used in this  eva lua t ion  represent a t o t a l  uncert ainty combin a t ion  of both
systematic  and two—sigma random error c o n t r i b u t i o n s .

3.3.1 Test Condit ions

The accura cy of the basic tunnel  pa rameters  p and T (set ’ Sect ion
2.3) and the two—sigma deviation in Mach number dc~ ermine~l f rom tes t
section flow ca l ib ra t ions  were used to e s t i m a te  u n cer t a i n t i e s  in the
other f ree—stream propert ies , using the Tay lo r series method of err or

I propagation .

1 I incer t a in ty ( ± )  , percent
I M~ M~ p T p q0~ Re~ / f t

Tunnel A1 4 0.5 0.2 0.5 2.4 1.5 1.2
Tunnel D

4 0.2 0.3 0.4 0.7 0.5 0.7

1
_______ .4
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3.3.2 Test Data

The local free—stream Mach number M0, 
~ 
in the nozzle flow in Tunnel

D was determined from measurements of pitt t pressure p~ and tunnel stag-
nation pressure p . The local wall pressure p for boundary layer calcu—
lations was defin&t as the free—stream static pressure associated with

and p .  Accuracies (95—percent confidence limits) in the pitot and
~~~~~ stagnation pressure measurements were estimated from repeat cali-
brations of the instruments. An estimate of the uncertainty which is to
be associated with each of the calculated parameters in the Tunnel D
nozzle flow has been made , based on an analysis of the propagation of
errors for the equations used :

Uncertainty, percent (±)

M p M p M
_2
~ P _ _  

W 
_ _

3.8 0.50 0.18 1.1 0.60

2.0 1.9 0.18 1.1 1.2

It should be pointed out that surveys in the nozzle boundary layer were
made at a s ta t ion upstream of the completion of nozzle flow expansion .

Estimates of uncer ta in t ies  In the flow f l u c t u a t i o n s  have not been
made for the qual i ta t ive  presentat ions in this repor t .

4.0 RESULTS

4.1 TUNNEL A TEST ENTRY

Three condenser—type microphones were used in the flat plate model
for measurements in Tunnel A. Signals were recorded for the 0.5—in, and
0.25—in . diam microphones with and without the 0.125—In, microphone
connected . An alternate sequence of operation was also used in which
the 0.125—in, microphone was used alone and in combination (1) with the
O .2 5—in . microphone and (2) with both 0.25—in , and 0.5—in, microphones
(Table 1) .  The purpose of emp loying the various combinations was to
determine the electrical interference among the microphones when operated
in combinat ion.  The sens i t iv i ty  of the B & K condenser—type microphone
is dependent upon the s t i f f n e s s  of the diaphragm , wh ich  is a f u nc t i on o f
the pressure of the air in the vented chamber behind the diap hragm . The
microphone sensitivities for the sub—atmospheric environment of the pres-
ent measurements have yet to be determined. For each set of model meas—
urements the s t i l l i ng  chamber wall , nozzle sidewall , and test section
wall pressure fluctuations were also obtained , and the fluctuations of
free—stream pitot pressure were monitored . The limited results obtained
from h o t — w i r e  anemometer measurements in the free—stream and in the shock
layer above the flat—plate model are not presented in this report.

4 . 2  TUNNEL fl TEST ENTRY

Three condenser—type microphones  were used for  the f l a t — p l a t e  mea s-
urements in  Tunn e l  1) , and da ta  we re recorded fo r  each m i c r o p hone w i t h  the

-
. 
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I
other two djstoi~nttttt j to insure freedom from il~. tri al 1nterfi~~ nte
among tht sensots and subst qu nt  ly wi i t ’  t i’t orded ~. i th .al 1 m i t t  ophones
connec ted to he lp  assess the inter ference prob lems . l’he levels ot the
der ived pressure fluctuation for the largest microphone (0. S i n .  d i am)
were not consistent with those for the other microphones . The dat a for
all microphones have been reduced u sing  sens it iv I U en app ii cab It ’ to an
atmospheric pressure environment . Measurements were a i st’ made using
piesoc l cc t r i  c transducers but the  results are cons I doted to he subject
to qucs t i  on because o t p o s s ib l e  t’ t (cc t s of d i r e c t  contact between the
body ot each transducer and the nylon adapter which was used to mount
t)~e transducers In the model.

Selected h o t — w i r e  anemometer r e s u l t s  are shown in Fi gs. ~a , h , c
as an indication of the nature ot the f indiugs . In Fig . ~a , data are
shown for  the noz~ Ic s i d e wa l l  b ound ary layer with the  m i n i m u m  tunne l
supp ly  p r essu re of p — 4 ps Ia and with nomin al lv— ~’ l ean  not :  Ic  w a l l s
The an alog p lot ter t~ ace of the h o t — w i r e  tins response signa l t t ’of ls t  a l i t
heating current) as the probe t r aversed the hound ar I aver is showit in
the upper— left see t ton of the figure. The bandw Id t h I e i the ntis re
spouse was set for  I 00 kllz . Pt t o t  pressur es norm.i i i  ‘ed by c a l c u la t e d
t e st— sec t ion  f r e e — s t  ream p1 tot  pressure ar t’  shown In t h e  upper—r ight
sect ion. The tel at ive energy c o n t e n t  of the h o t — W i  I c  response (at ’ )

s ignals  at dl ff i ’r en t  st at i o n s  a long the prot l ie is i n d i c at e d  In  t h e
power density spec t ra presented in the I oWi’t’ ha It o I t h e  I igu re . The
numerical labels ret ci t o  the stat tons I nil I ca ted on the hot—w i Fe

J profile. ‘flit ’ elect tonic noise  of hi’ anemometer Inst rumeutat Ion is
seen to he relat ivelv large , especial lv whe n It Is related to t h e  w i r e
response o u t sid e  t’t the  bound ary lay er  (stat ion “1’’). The noise
spec t rum shown is det cc ted at the o u t p u t  ot  t h e  anemone t er .Iflip l i t  I ci
which Inc  I tides circuits to compen sat e  fo r  Sensor t h e r m a l lag  (se ’
Sect Ion 2. .~ . 1) . The si gnal—to—n oise rat io can be improved  Lw t i e I itg

• a smaller-—d iamet er w i r e  I or the sensor less compensa ion t t’qu I t  cit
when acrod yn am i  i’ loads p e r m i t  . When the signa l —hand I lug capal~ l i l t  ies
arc a v a i l  ab Ic , It is t h et ir et  I c a l l  v possible to acilu I t t ’ t h a t  a w I t  Ii an
under—compt’usa ted hot wire (less elect route no 1st’) and ~olbseiludul lv
apply mat hema t t ea l t echn t qiies to comp l ot e t lie compt ’w.a I ion .  1’lii ’ h’ I 0—

cedures requ I red are vi’ ry t i m e — c o n s u m i n g  in  t he ahsen t ’t’ of comput  I ’L  —

cent  rot  l ed si gna 1 ana 1 vs Is and dat :i h a n d l i n g . i’hese capal ’ l i l t  I
not current ly  a v a i l a b l e  in t he von Karman Fa. ’ t i l t  v . I t  shou l  ii be
p o i n t e d  ou t  t ha t  t i i t ’  p resent  s i g n a l s , b ey ond a t r e qn t ’n t ’V of t A O  hh L ’
show t he 11111 ueut’e of  an impedan ce ml nina t cli t ot  the cal’ I en used to
t ranami t the si gua Is to t h e  mag net Ic  tapi’ recorder. Vot Fig . ‘~a • I t
is cat I ma t ed  t h a t  t he I gna I I eve I has becti r educed Lw Q db it 200 UI
as a rcsu.l t of t hi is tn t  sma t cli .

r In F igure  Sb d a t a  for  t he  no7.~ Ic a t  dewa It hounda i v 1 .iv ’i w i t h  p —

~ psi a a rc’ shown lot’ the smoo t h—wa 1 1 ca ‘~e • wh 11 e In F’ 1 g. 5c dat a .i i e0shown
for the c or r e sp on d i ng  ease in wh Ich 0. 0” 1 i n .  ii t am sphier t ea l t r i p s  were
at tac%wd to the wall ~ipnt ream ot the survey stntton , )‘x.im I n a t i o n  oh the

J ye lee it v pro f  t i e s  (not  shown) I or t h%t~ t en I i’otid It I otis ~ I Figs . Sa , 1’ , c
indicate that the  bound ary  I ayet  I low without t ii pp 1 ug was 1 anti nay Cot’
p — 6 pa In and t t•nns i t ional for p — S pa I a .
0 0
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Table 1

TUNNEL A TEST SUMMARY

I FLAT PLATE PRESSURE FLUCTUATION MEASUREMENTS

Angle of
I Condenser — Type - Tunnel Supply Pressure Attack
• Micrc,phones* - P~ , psia (dep)

0.5 0,25 0.125 20 30 40 50 60 73I x x x x x x x x x 0

x ~ x x x x x

1 x x x x

x x x x

I z x ‘ x +1
x x x
x x x ‘ x —1

.1 * x x

4,

HOT-WI RE ANEMOMETER MEASUREMENTS

Free—Stream Fleas. Shock Layer Meas. Boundary Layer Ed~ e Fleas.

p0 40 psia p
0 — 40 psia

50 psia • SO psia

• 60 psia p
0 60 psia

• * Note: Microphone body diameters shown in inches .

I

I
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I
Table 2

I TUNNEL D TEST SUMMARY

FLAT PLATE PRESSURE FLUCTUATION MEASUREMENTSI ‘ Roll
Condenser - Type Piezoelectric Tunnel Supply Pressure Angle
_Microphoncs* Transducers* P0, psia (dog)1 0.5 0.25 0. 125 0.218 0.405 6 10 15 20 30 45 60

x x x x x x
- I x x x x x x x x x

x * x x  x x x x x
1 x x x x  x x x x x —901 x x x x  x x x x x -45

I
:1

HOT-WIRE ANEMOMETER MEASUREMENTS

Boundary Layer Trips Boundary Layer Profiles Free—Stream M~~~T

I Smooth walls For p
0 

— 4 & 5 psia For p0 4—30 psia4
0.13 in.,  on opposite wall For p0 5 psia

1 0.093 in., on opposi te wall “

0.093 in. ,  on adj acent wall For p
0 5—30 psiaI

*Note: Microphone and transducer diameters shown in inches-.

I I

I 
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